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Sink roll for galvanizing bath 





(57) A roll apparatus for use within a bath of nnolten 
metal, such as a galvanizing bath, in which a moving 
metal strip is passed in two directions by passing 
around a roll, comprising: a first support arm and a sec- 
ond support ami, a strip-engaging roll having a length at 
least as great as the width of the moving metal strip, dis- 
posed between the lower portions of the support arms 



for rotation about said axis; a shaft telescopfcally 
received in the roll, and structure carried on at least one 
of said arms engaging the shaft such that the shaft is 
axially moveable, but non-rotatable with respect to the 
anus. 
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Description 

Background of the Invention 

[0001] A moving strip of metal is submerged in a 
pool of molten zinc or zinc aluminum alloy in galvanizing 
and aluminizing processes. As the strip is lowered into 
the molten metal, it passes beneath a submerged hori- 
zontal sink roll to reverse Its direction of motion. The 
sink roll rotates on end tmnnions earned by a pair of ver- 
tical arms that have their lower portions submerged in 
the molten metal. Typically, this type of anangement is 
illustrated in Figures 1 and 2. 

[0002] Certain conditions reduce the life of the sup- 
port arms and the trunnions. One condition is that the 
submerged lower ends of the amns heat up to about 
900**F and become relatively soft. Distortion takes place 
because the arms are partially submerged. The arm 
strength is reduced. For this reason, the arms \warp 
either towarcl or away from the roll ends, because of the 
upward load on the roll by the moving strip tension, as 
shown in the dashed lines in Figure 1. The arms may 
move either outwardly or inwardly. Rgure 1 is an exag- 
gerated illustration of the warping process. 
[0003] The horizontal trunnions and the roll bear- 
ings initially start out with a line contact as the trunnions 
are rotated. However, as the heated arms bend from the 
vertical, the trunnions bend downwardly worsening the 
loss of their line contact. The resulting point contact 
causes eariy bearing wear. 

[0004] Although the bearing clearance should be 
about .005 to .010 inches for the best performance, the 
tendency is for the user to increase the clearance 
between the bearing and the trunnion, for example, to a 
.25 to .50 inch clearance. This larger clearance prevents 
seizure of the trunnions and the bearings under this 
deformation. However, a large clearance increases the 
distortion and permits dross to build up in the bearings, 
which in turn causes additional erosion and life reduc- 
tion. In effect, the bearing is self-destructing. Dross is an 
alloy of the molten metal. 

[0005] One solution for extending trunnion life and 
therefore roll life is to provide a self-aligning bearing 
which will accommodate the deformation of the trun- 
nions. Such a bearing is described in my U.S. Patent 
No. 5,549,393. Self-aligning bearings follow the defor- 
mation of the arms and trunnions to maintain a line 
bearing contact The trunnion cannot machine the con- 
tact surface of the bearing. However, it is not always fea- 
sible to use self-aligning bearings. 
[0006] A solution to this bearing problem for those 
installations that do not use my self-aligning bearings is 
an object of this invention. Since part of the problem 
results from the trunnion rotating while the arm is 
deforming, I have found that a non-rotating shaft which 
can axially move and will accommodate arm warping. 
Clearances are not critical because the shaft is not 
rotating. The arm, in the preferred embodiment, has a 



bore that allows for relative axial, angular and radial 
motion between the bore in the arm and the non-rotat- 
ing shaft. 

[0007] A stop plate mounted on the amn has a 
5 tongue that is received in an opening in the shaft to pre- 
vent rotation of the shaft without imposing bending 
stresses. 

[0008] A spacer is shrink-fitted in the roll. The roll 
and the spacer rotate on the shaft that is maintained 

10 straight by the metal strip, and Its tension. The metal 
strip engages the roll as the strip is reversing direction in 
the molten metal bath. The stresses due to elastic and 
thermal deformation affecting the running area concen- 
tricity and angularity, are so reduced that the clearance 

15 can be reduced dramatically, for example, to about .010 
to .020 inches versus .250 inches to .475 inches used in 
the current state of the art designs. This small clearance 
allows the formation of hydrodynamic films to further 
reduce the coefficient of friction and wear, also limiting 

20 the size of the contamination, such as dross, that can 
enter the bearing contact areas. 

[0009] The availability of AT-103 series alloys 
makes it possible to design a self-contained, self-align- 
ing galvanizing roll using roller bearings in molten metal. 
25 Because sliding friction is eliminated, this design can 
carry a very heavy roll, accommodate a very high ten- 
sion from the strip, and permit very high speeds with 
negligible friction losses or slip with respect to the strip 
velocity. 

30 [0010] Still further objects and advantages of the 
invention will become readily apparent to those skilled in 
the art to which the invention pertains upon reference to 
the following detailed description. 

35 Description of the Drawincs 

[0011] The description refers to the accompanying ^ 
drawings in which like reference characters refer to like 
parts throughout the several views and in which: 

FIGURES 1 and 2 illustrate the problems that occui- 
in certain prior art installations: 
FIGURE 3 is a fragmentary sectional view of one 
embodiment of the invention; 
45 FIGURE 4 is a view of another embodiment of the 
invention; 

FIGURE 5 is a view of still another embodiment in 
which roller bearings support the roll; 
FIGURE 6 is a still further embodiment of the inven- 
50 tion; 

FIGURE 7 is a view as seen along lines 7-7 of Rg- 
ure 3; and 

FIGURE 8 is a view similar to Figure 7 but shows an 
alternative slot for receiving a stop plate tongue. 

55 

Description of the Prefen-ed Embodiment 

[0012] Refemng to the drawings, Rgure 3 illustrates 
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one embocfiment of the invention in which a roll 10 is 
supported by a shaft 12 mounted between a pair of 
amis 14 and 1 6. The lower part of the arms, the roll and 
the shaft are disposed in a bath of molten aluminum 
having a metal line 18. For illustrative purposes, the roll 
has a diameter of 24 inches and is 80 inches long. It Is 
formed of an AT-103C alloy steel The roll has a vent 
drain 20, which provides a fluid passage between the 
bath and the interior of the roll. 

[0013] Shaft 12 is also formed of an AT-103C alloy 
steel and, for illustrative purposes, is longer than the 
length of the roll. The shaft is disposed within the inter- 
nal bore 22 of the roll. 

[0014] A pair of spacers 24 and 26 are mounted in 
the ends of the roll. The spacers are formed of an AT- 
103C or AT-103A alloy so as to have the same coeffi- 
cient of thermal expansion as the roll. The length and 
the diameter of each spacer is chosen to accommodate 
the tension forces applied to the moving strip, not 
shown, on the roll. Each spacer is shrink fitted inside the 
roll and slidably rotates on the shaft. 
[0015] Referring to Figures 3 and 7, a pair of stop 
plates 30 and 32 are welded to the two arms around a 
pair of internal bores 34 and 36 which receive the ends 
of the shaft. Each end of the shaft has an internal end 
opening 38. Each stop plate has a tongue 40 received in 
an opening 38 to prevent rotation of the shaft 
[0016] Figure 8 shows a variation of opening 38 in 
the form of a slot 38' that passes through the end of 
shaft 12 to receive tongue 40'. 

[001 7] The two bores 34 and 36 in the two amns are 
aligned along an axis 37 and have a diameter larger 
than that of the shaft. Each bore has a tapered section 
42 about .25 inch in length to accommodate relative 
movement between the shaft and the anms. 
[0018] A thrust sleeve 44 is shrlnl<-fltted onto each 
end of the shaft, and formed of a material having the 
same coefficient of thermal expansion as the shaft, 
such as AT-1 03C or AT-103A. Each thrust sleeve has an 
outer end with a slight curvature at 46 to prevent jann- 
ming or scoring. The shaft can self-align itself with 
respect to the bores in the arms. Each thrust sleeve has 
an integral, annular flange 48, about .75 inch thick with 
a sufficient clearance to accommodate motion between 
the roll and the spacer. 

[0019] A diametrical clearance at 50 is formed 
between the spacer and the shaft to form a hydrody- 
namic bearing lubricated by the molten zinc or zinc-alu- 
minum alloy. The galvanizing alloy can pass between 
flange 48 into the clearance at 50 and out orifice 20 to 
lubricate and further extend the life of the spacer. 
[0020] Figure 4 Illustrates a modification of the 
embodiment of Figure 3. In this case, spacer 24 is not 
shrink fitted into the roll, but is connected by a pin 100 
that extends through an opening 102 in the roll and the 
spacer. The pin is welded in place by welding material 
104. For maintenance purposes, the spacer can be 
replaced by removing pin 100. 



[0021] Thrust sleeve 106 has an annular flange 
section 108 that is slip fitted on the shaft, and then 
pinned in place by a pin 1 10. By removing the pins from 
the thrust sleeves at opposite ends of the roll, the shaft 

5 can be passed through bore 40 of the arm to replace the 
thrust sleeve. Thrust bearing flange 1 08 is made of a AT- 
103C or AT-103A alloy material to accommodate any 
chemical reaction between the roll materials and the 
molten galvanizing alloy. 

10 [0022] Each thrust sleeve has an annular cylindrical 
section 109 that is mounted on the shaft within the 
spacer to provide a larger diameter sliding area 
between each spacer and the shaft. Figure 4 represents 
the prefenred embodiment of the invention. 

75 [0023] Figure 5 illustrates another embodiment of 
the invention. In this case, each end of shaft 12* has 
been machined to provide an annular shoulder 200 and 
a second annular shoulder 202 which are spaced a dis- 
tance to accommodate the inner race 204 of a roller 

20 bearing having a plurality of roller means 206 which roll 
inside an outer race 208. An outer race is pressed into 
each end of roll 1 0. As in the other embodiments, the 
shaft is non-rotatable with respect to the support amis. 
Stop 30 prevents the shaft from rotating but accommo- 

25 dates axial alignment of the shaft with respect to the 
support arms. 

[0024] The roll can rotate at a very high rpm, such 
as 1000 rpm, with reduced friction and wear. The 
designed length of the bearing cage and the roller diam- 
30 eter depends upon the strip tension on the roll and the 
roll velocity (rpm). 

[0025] Figure 6 illustrates still another embodiment 
of the invention in which roll 10 is mounted on arm 14, 
the opposite end of the roll being identk:al to the roll end 

35 and amn illustrated in Figure 6. In this case, shaft 12" is 
machined to form a ridge 300 for accommodating a plu- 
rality of annularly spaced rollers 302 trapped between 
an inner annular retainer 304 and an outer annular 
retainer 306. The inner retainer is located by a shoulder 

40 308 in the bore of the roll, while the outer retainer is 
locked in position by pin means 31 0 to prevent the roller 
bearings from axtally moving with respect to the shaft. 
The inner surface of the roll and the shaft cooperate in 
forming a cage for the rollers. 

45 [0026] In each of the embodiments of the invention, 
the arms are partially submerged in the molten metal 
and support a non-rotating but axially moveable shaft. 
The strip passing through bath rotates roll 10 about the 
non-rotating shaft. 

so [0027] Having described my invention, I claim: 

Claims 

1. Roll apparatus for use within a bath of molten 
55 metal, such as a galvanizing bath, in which a mov- 
ing metal strip, under tension. Is passed down into 
the bath of molten metal, and reverses direction by 
passing around a roll, the strip having a width, said 
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apparatus comprising: 

a first support arm, and a second support am 
spaced from the first support arm a distance 
greater than the width of the moving metal 5 
strip, the first and second support arms having 
lower portions thereof disposed in the bath of 
molten metal, and having a pair of openings 
aligned along an axis; 

a strip-engaging roll having an axial bore and a io 
length at least as great as the width of the mov- 
ing metal strip, disposed between the lower 
portions of the support arms for rotation about 
said axis; 

a shaft telescopically received in the roll and is 
having a first end disposed in a first of said 
aligned openings, and a second end disposed 
in the other of said aligned openings; and 
structure carried on at least one of said arms 
engaging the shaft such that the shaft is axially 20 
moveable in said aligned openings, but non- 
rotatable with respect to the arms. 

2. Apparatus as defined in claim 1, including bearing 
means disposed in the roll bore and attached to the 2S 
roll for rotating slidably engaging the shaft. 

3. Apparatus as defined in claim 1, including bearing 
means disposed between the shaft and the roll 
comprising a spacer shrink-f itted in the roll bore. 30 

4. Apparatus as defined in claim 3, in which the bear- 
ing means comprises first and second spacers dis- 
posed adjacent opposite ends of the roll bore. 

35 

5. Apparatus as defined in claim 1 including bearing 
means disposed between the roll and the shaft, the 
bearing means comprising roller bearing means 
mounted in the roll and around the shaft. 

6. Apparatus as defined in claim 2, including a thrust 
sleeve mounted on the shaft between the bearing 
means and each of said arms. 

7. Apparatus as defined in claim 1, including a stop 45 
plate attachment mounted on at least one of said 
support arms adjacent one of said aligned open- 
ings, and having a tongue engaging the shaft for 
preventing rotation thereof. 

50 

8. Apparatus as defined in claim 7, in which at least 
one end of the shaft has a tongue-receiving open- 
ing, and the stop plate has a tongue receivable in 
the tongue-receiving opening to prevent rotation of 

the shaft S5 

9. Apparatus as defined in claim 8, including a sacrifi- 
cial thrust sleeve mounted on the shaft. 



10. Apparatus as defined in claim 9, in which the thrust 
sleeve is slip fitted on the shaft, and including pin 
means for connecting the thrust sleeve to the shaft. 

11. Roll apparatus for use within a liquid bath in which 
a nrujving strip under tension is disposed in the bath 
and reverses direction by passing around the roll, 
the strip having a width, said apparatus comprising: 

a first support arm, and a second support arm 
spaced from the first support anm a distance 
greater than the width of the moving strip, the 
first and second support arms having portions 
there of disposed in the liquid bath and having 
a pair of openings aligned along an axis; 
a strip-engaging roll having an axial bore and a 
length as least as great as the width of the strip, 
disposed between the aligned openings in the 
support arms for rotation about an axis; 
a shaft telescopically received in the roll and 
having a first end disposed in a first of said 
pairs of aligned openings, and a second end 
disposed in the second of the pair of aligned 
openings; and 

structure carried on at least one of said arms 
engaging the shaft such that the shaft is axially 
moveable in said aligned openings, but non- 
rotatable with respect to the arms. 

12. Roll apparatus for use within a bath of molten 
metal, such as a galvanizing bath, in which a mov- 
ing metal strip, under tension, is passed down into 
the bath of molten metal, and reverses direction by 
passing around a roil, the strip having a width, said 
apparatus comprising: 

a strip-engaging roll having an axial bore and a 
length at least as great as the width of the mov- 
ing; 

support means for supporting the roll, the sup- 
port means having a pair of spaced, axially 
aligned openings; 

a shaft telescopically received in the roll and 
having a first end disposed in a first of the pair 
of aligned openings, and a second end dis- 
posed in the second of the pair of aligned open- 
ings, so as to be axially moveable with respect 
to the support means; 

structure connecting the shaft to the support 
means such that the shaft is non-rotatable with 
respect to the support means; and 
roller bearing means mounted between the 
shaft and the roll such that the roll is rotatable 
about the shaft axis as a strip in the bath 
engages the roll. 

13. Roll apparatus as defined in daim 12, in which the 
roller bearing means comprises a plurality of elon- 
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8 



gated bearing rollers disposed around the shaft and 
in the roll and having bearing axis parallel to the 
axis of the shaft, and including retainer means for 
preventing axial movement of the bearing rollers 
with respect to the shaft s 

t4. Roll apparatus as defined in claim 13, in which the 
retainer means comprises a first annular retainer 
connected to the shaft adjacent a first end of the 
bearing rollers, and a second retainer connected to io 
the roll adjacent the opposite end of the bearing 
rollers. 
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